INTRODUCTION
Nutritional research has expanded to consider whole diet in addition to individual nutrients and foods. 1 Summarising multiple dietary components into an overall diet measure takes into account correlations between dietary constituents by exploring the effect of food combinations. 1, 2 Whole-diet measures can be based on food intake assessed against a pre-determined index, or empirically, whereby variables are reduced into a small number of components through statistical manipulation. 1 For example, factor analysis is used to derive a dietary pattern score reflecting foods that correlate with each other. 3 In adults, and less so in children, 4 dietary patterns have been shown to be associated with health outcomes [4] [5] [6] [7] [8] and sociodemographic factors. 4, 8 Although early life is a significant period when dietary preferences and habits are first established, laying the foundation of adult eating habits, [9] [10] [11] [12] whole of diet patterns have rarely been characterised in children under 2 years. 4 As dietary patterns are likely to be age-specific, understanding early-life dietary patterns, their determinants and their influence on later health is important for developing strategies to improve nutrition in early childhood. Principal Component Analysis (PCA) is a common type of factor analysis technique 2 that has shown healthy and unhealthy patterns in the first years of life to be associated with adiposity measures, 13 later IQ, 13,14 and maternal age and education level. 3, [14] [15] [16] However, these patterns have been characterised in predominantly European populations. 3, [14] [15] [16] [17] To our knowledge, no studies have described PCA-derived dietary patterns of Australian toddlers. Given that dietary pattern analyses are data-dependent, and thus not generalisable to other populations, understanding Australian early-life dietary patterns and their predictors is important. Further, considering that in 2007 21% and 18% of Australian boys and girls, respectively, aged 2-3 years, were reported as being overweight, 18 it is of interest to investigate whether early-life dietary patterns predict adiposity.
We aimed to (1) describe dietary patterns of Australian children aged l4 and 24 months; (2) identify the socio-demographic determinants of observed dietary patterns; and (3) examine associations between dietary patterns and child adiposity.
Common recruitment, assessment and dietary intake protocols were used for both studies. Subjects were recruited between March 2008 and April 2009 (NOURISH), and September 2008 and March 2009 (SAIDI) in a two-stage process; mothers delivering healthy infants (X37 weeks gestation, X2500 g) were approached for permission to be re-contacted approximately 3 months later for full enrolment in the study when written informed consent was obtained. For the present analysis, subjects exposed to the NOURISH intervention were ineligible. Thus, participants are NOURISH controls and SAIDI mother-child dyads. Ethics approval was obtained from Flinders Medical Centre, Queensland University of Technology, and the ethics committees required to cover all recruitment sites.
Data collection and entry
Data were collected at two points; when children were aged approximately 13-16 and 22-25 months.
Dietary data. Primary caregivers were phone-interviewed by a dietitian trained in a standard protocol about their child's food and beverage intake, using a multiple-pass 24-h recall. 20 Times not suitable to be called were previously identified to maximise successful contact, whilst avoiding primary caregivers knowing when they would be called to ensure feeding on the day recalled was usual practice. For dishes prepared at home, recipes with ingredient quantities and the amount that the child consumed were recalled. For breastfeeds, time (in minutes) the child spent suckling was recorded, and breast milk consumption was quantified as 10 g/min to a maximum of 10 min per feed. 21 Post interview, primary caregivers were allocated 2 days on which to record their child's food and beverage intake in a food diary, thus providing 3 days of dietary intake (2 weekdays and 1 weekend day). Measuring spoons and a measuring sheet with life-size images of spoon, cup and bottle sizes were provided to assist with estimating serve sizes for recalls and records.
Data were entered by dietitians into FoodWorks Professional 22 version 9, using AUSNUT 2007 database from the National Children's Nutrition and Physical Activity Survey. 23 Additional commercial infant food and formula product data were sourced from websites, the companies or nutrient information panels. Foods entered into FoodWorks have an eight-digit code (available from Food Standards Australia New Zealand for all items in the AUSNUT 2007 database 23 ), which allows categorisation of foods into food groups. Additional new foods were assigned an appropriate code. Unclear coding decisions were discussed between study investigators and managed by a single dietitian. For recipes including items from several food groups, this code was based on the item that made the greatest contribution by weight while also reflecting that it was a mixed dish. Although macro-and micro-nutrient data are provided for all foods in the AUSNUT 2007 database, the complete nutrient profile was often not available for additional infant products. A comprehensive data-cleaning protocol included assessing reasonability of food and beverage quantities, and checking for extreme energy and nutrient intakes. Data were exported from FoodWorks into Access, merged with the food code and exported into SPSS (SPSS Inc., Chicago, IL, USA).
Anthropometric data. Child weight (to the nearest 10 g, 13-16 months, or 50 g, 22-25 months) and length/height (to the nearest 0.5 cm, 13-16 months, or 0.1 cm, 22-25 months) were measured without clothing (13-16 months) or without shoes and heavy garments (22-25 months) by trained study staff at an assessment appointment. If unable to attend an appointment, children were weighed and measured at their local Child Health Clinic or general practitioner (approximately 17%). Body mass index (BMI, kg/m 2 ) was calculated and converted to age-and sex-specific z-scores using a computer programme containing World Health Organisation reference data. 24 Child and maternal socio-demographic data. At birth, child gender and maternal parity were collected from medical records. Maternal age, education, country of birth, marital status and self-report pre-pregnancy weight status were collected via questionnaire. Maternal education was reported as the highest completed level of six categories and collapsed into three (Table 1) . Marital status and maternal weight status were reported from five and three categories, respectively, and collapsed into two (Table 1 ). At 13-16 and 22-25 months, maternal smoking status, age of introduction to solids and breastfeeding status (yes/no), including age of breastfeeding cessation if applicable, were obtained via questionnaire. Information from both times was combined to provide complete data.
Breastfeeding data were categorised into four categories reflecting duration ( Reported at each time and categorised as: (1) never smoked (do not smoke at all), (2) quit (used to smoke but no longer do so), (3) current smoker (less than once/day, at least once/day).
d Reported at consent and categorised as: (1) not partnered (single/never married, separated/divorced, widowed), (2) partnered (de facto, married). e Reported at consent and categorised as: (1) not overweight (underweight, normal weight), (2) overweight (overweight).
f SEIFA decile categorised by applying the IRSAD to postal code, 25 reported at consent. 
Dietary pattern analysis
Food grouping. The large number of foods and beverage items consumed (1621, 13-16 months; 1967, 22-25 months) were grouped into interpretable and meaningful categories to use as input variables for PCA. First, dietary supplements and cooking agents (for example, gelatin, wine) were eliminated as they do not represent children's usual intake. Second, foods were grouped into food groups of interest based on their nutrient profiles, recommendations for consumption according to the Australian dietary guidelines 26 and the accompanying Australian Guide to Healthy Eating, 27 and the new Australian Food Modelling System categorisation.
28
Foods recommended to be consumed every day are described as 'core' foods, covering five core food groups (fruits; vegetables/legumes; breads/ cereals/rice/pasta/noodles; lean meat/fish/poultry/eggs/nuts/legumes; milk/yoghurt/cheese). 26, 27 Foods not included in the core food groups are described as 'non-core' (that is, energy-dense, low-nutrient) foods. Sixty-nine food groups at 13-16 months and 73 groups at 22-25 months were created and included in the analysis (Supplementary Table S1 ).
Principal component analysis. Dietary patterns were extracted using PCA. All dietary data (14/24 months; 1 day n ¼ 136/122, 2 days n ¼ 7/7 and 3 days n ¼ 409/364) were kept in the analysis. Two and three days data were averaged and daily food (g), energy and nutrient intake determined per person. To determine whether a meaningful PCA could be performed several factors (correlation matrix, Kaiser-Meyer-Olkin measure of sampling adequacy, Bartlett's test of sphericity, communalities) were inspected. 29 All criteria were sufficient, indicating all variables contributed to extracted dietary patterns, and thus no variables (that is, food groups) were eliminated for subsequent analysis. Orthogonal (Varimax) rotation was applied to aid interpretability of the pattern loadings by maximising the variance within components and thus making them more distinguishable. The number of dietary patterns identified was based on eigenvalues 41.5, identification of a break point in the scree plot and interpretability. 3, 30 Potential PCA solutions were assessed for strength of loadings of food items on and across components. For every participant, a dietary pattern score for each identified pattern was determined by summing the product of a standardised gram of each item consumed by its factor loading. Patterns were approximately normally distributed (mean 0, s.d. 1). To aid interpretation, patterns were named based on those foods loading X0.25.
Statistical analysis
Statistical analyses were conducted using SPSS version 19.0 (SPSS Inc.). Data are presented as means (s.d.) where normally distributed, or as medians (interquartile range) where not. Validity of dietary patterns was investigated by comparing food, energy and energy-adjusted nutrient intakes across quartiles of dietary pattern scores using Kruskal-Wallis test for non-parametric data. Analyses were conducted on all available nutrient data. Standard linear regression was employed to investigate the relationship of dietary patterns with socio-demographic characteristics and BMI z-score. For each time, two regression models were used, which included (1) socio-demographic covariates and respective dietary pattern scores; (2) dietary patterns scores and respective BMI z-scores, adjusting for covariates. The final regression model included 14-month dietary pattern scores and 24-month BMI z-scores, adjusting for covariates. For each model, univariate and multivariate associations were explored. Regression assumptions were tested by checking the normality, linearity and variance (homoscedasticity) of residuals. 30 Standardised regression coefficients (b) and 95% confidence intervals were used to evaluate the strength and precision of associations. The level of significance was set at Po0.05.
RESULTS
Dietary intake data were provided for 552 and 493 children (54% girls at both times) at 14 (10-17) months and 24 (22-28) months, respectively. Participant characteristics are reported in Table 1 . Mothers were mostly university educated, partnered, not overweight, born in Australia, primiparous and had never smoked.
Dietary patterns At 14 months, two patterns were extracted ( Table 2 ). The first pattern was termed '14-month core foods' as fruit, grains, nonwhite bread, vegetables, cheese, eggs, and nuts and seeds loaded positively. The second pattern included basic core (white bread, milk) and non-core (spreads, juice and frozen milk products, for example, ice-cream) foods and beverages, with no fruit or vegetables, and was therefore termed 'basic combination'. Similarly, two distinct patterns were extracted at 24 months ( Table 2 ). The first pattern was similar to that at 14 months, with several foods covering all core food groups, in addition to water, loading positively, and was therefore named '24-month core foods'. The second pattern was labelled 'non-core foods', as it included sweetened beverages, spreads, high-fat potatoes, snack products, chocolate and processed meat.
Construct validity of dietary patterns
To assess the validity of identified dietary patterns, their underlying nutrient profiles were examined (Table 3) . Consistent associations were seen across ages. The '14-month core foods' and '24-month core foods' patterns were positively associated with intake of energy, protein, dietary fibre and several micronutrients. Conversely, the 'basic combination' and 'non-core foods' patterns at 14 and 24 months, respectively, were positively associated with energy and sodium intake, and negatively associated with iron intake. In addition, the '24-month core foods' pattern was positively associated with iron and negatively associated with fat intake, whereas the 'non-core foods' pattern was negatively associated with dietary fibre intake.
Dietary patterns and socio-demographic characteristics After adjustment for covariates several maternal (age, education, smoking status, country of birth, study) and child (age, breastfeeding duration, age of introduction to solids) factors were independently associated with 14-and/or 24-month pattern scores (Table 4 ; non-significant variables not shown). For example, a maternal university education was associated with a 0.12 (95% confidence interval 0.04, 0.28) higher '14-month core foods' pattern score than a maternal school-level education. Higher scores on this pattern at 14 months were also associated with longer breastfeeding duration and older children at assessment, whereas higher scores on the '24-month core foods' pattern were associated with later solid introduction and Australian-born mothers. Conversely, 'basic combination' pattern scores at 14 months were positively associated with younger mothers, smoking mothers, SAIDI participants, older children at assessment and earlier solid introduction and breastfeeding cessation. Younger mothers and earlier breastfeeding cessation also predicted higher scores on the 'non-core foods' pattern at 24 months.
Dietary patterns and adiposity Median BMI z-scores at 14 and 24 months were 0.41 (interquartile range À 0.24, 1.03) and 0.78 (interquartile range 0.05, 1.51), respectively. After adjustment for covariates, dietary pattern scores at both ages were not significantly associated with concurrent or subsequent BMI z-scores (Table 5) .
DISCUSSION
This study enhances the small body of literature on dietary patterns in early life, describing the dietary patterns of Australian toddlers aged 14 and 24 months, and their association with sociodemographic factors and child adiposity.
Two dietary patterns were identified in 14-and 24-month-old children representing core (rich in fruits, vegetables and grains) and non-core (low-fibre, fatty and sugary foods and beverages) intake. Each pattern shares similarities with identified patterns in equivalent aged European populations. The '14-month core foods' pattern is similar to the 'infant guidelines' pattern extracted in the 12-month Southampton Women's Study cohort 15 and comparable to the 'herbs, raw fruit and vegetables' (Avon Longitudinal Study of Parents and Children sample, 15 months 3 ), 'wholesome' 31 our study identified similar patterns at 14 and 24 months ('14-month core foods' and '24-month core foods' patterns; 'basic combination' and 'non-core foods' patterns). Beyond 12 months of age, children begin to exert independence in food choices and develop fussy eating behaviours, contributing to rapidly changing day-to-day dietary habits. 32 However, our findings suggest dietary patterns are relatively stable longer-term, supporting the persistence of food preferences and eating habits over time 9, 11 and raising concerns for those with poor dietary patterns in early life.
We described the construct validity of extracted dietary patterns in terms of energy and nutrient intakes across quartiles of pattern scores, which confirmed that dietary patterns reflect meaningful differences in underlying combinations of nutrient intake. Few studies have reported this relationship in the first years of life. In children aged 6 and 15 months of age, protective micronutrients (for example, calcium and iron) were associated with healthier dietary patterns and nutrients linked to disease risk (for example, sodium, saturated fat) with less healthy patterns. 33 At 14 months, macronutrient (protein, polysaccharide, saturated fat) intakes were associated with 'health-conscious' and 'western-like' pattern scores in expected directions. 17 Comparing our findings, consistency is evident as healthier patterns were related to better nutrient intakes, including fibre, iron, vitamin A and vitamin C, compared with less healthy patterns. Overall, these relationships can contribute to resolving the controversy around whether data-reduction techniques measure true differences in nutrient density or reflect greater food consumption. 4 In accordance with other studies, poorer-quality dietary patterns were seen in children of younger mothers 3, 15, 16 and those breastfeed for shorter durations 15, 17 (at both ages), and in children with smoking mothers 13, 15 and those introduced to solids earlier 15, 34 (at 14 months only). Conversely, higher-quality dietary patterns were associated with highly educated mothers. 3, [14] [15] [16] Associations between maternal factors and health behaviours, such as diet, are well documented, reflecting the influence of socio-economic disadvantage on health. At 14 months, poorerquality dietary patterns were further associated with SAIDI participants, likely reflecting the multi-parity of SAIDI mothers and thus the influence of siblings on diet quality, reported elsewhere. 3 The associations of earlier and later breastfeeding cessation and introduction to solids with poorer-and higherquality dietary patterns, respectively, suggests that maternal feeding practices translate between breastfeeding, weaning and eating patterns. Beyond this, however, these associations may be partially explained by the effect of early feeding experiences on later food and taste acceptance. 35, 36 For example, previous research found that earlier solid introduction was associated with liking a greater proportion of non-core foods, 37 and early solid introduction (before 17 weeks of age) predicted introduction of non-core foods by 52 weeks. 34 These findings suggest that mothers who introduce solids early may also introduce non-core foods early, thus escalating the innate preference for and acceptance of sweet and salty foods. 36 Furthermore, earlier breastfeeding cessation has previously been associated with liking a greater proportion of non-core foods, 37 whereas longer breastfeeding duration positively influences children's taste preferences 38 and vegetable intake. 35 This is likely explained by evidence that breastfeeding provides ongoing exposure to a variety of flavours not experienced by formula-fed infants and results in improved later flavour acceptance. 39 Overall, the 
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CIs and P-value of significance. Non-significant (P40.05) maternal (marital status, weight status, parity, SEIFA decile) and child (gender) predictor variables across both ages are not shown. For definitions and categorisation of maternal and child predictor terms, see Table 1 . 40, 41 For example, in 12-month-old children dietary patterns were associated with lean mass but not with other adiposity measures, including BMI. 13 Although weight status is not only influenced by diet, but by genetic, behavioural (for example, activity levels) and environmental factors (for example, parentchild interaction), 42 a possible explanation for our findings is that each pattern at both ages was positively associated with total energy intake. This supports evidence that children can respond to the energy density of foods consumed and regulate their daily energy intake. 43 Further, it may be too early to detect the influence of diet on weight status as previous research has shown that weight gain from birth-2 years is largely influenced by intrauterine factors, 44 with the effect of environmental factors not manifesting until 2-5 years, 44, 45 and that weight gain between 2-11 years may be a more important predictor of obesity risk than BMI at 2 years. 46 Therefore, continuation of a non-nutritious dietary pattern beyond 2 years may lead to a clear distinction in weight status across the population later, and thus investigating this association longitudinally is warranted.
A limitation of the present study is our highly educated sample of mothers who may have greater knowledge of dietary recommendations and thus may have reported more favourable dietary intakes. 47 In addition, associations of dietary patterns with socio-demographic variables and BMI z-scores may be influenced by missing data or by evaluating associations in different time periods (for example, maternal weight status reported post-birth and diet reported at 14 and 24 months). Another consideration is that approximately one-fifth of child anthropometric data were collected by general practitioners or child health nurses, not by study staff, and thus accuracy is questionable. Nevertheless, our study is strengthened by investigation of dietary patterns at two different ages in one sample and derivation of patterns from recall and record data compared with food frequency questionnaires 3, [14] [15] [16] [17] that often lack portion sizes, as the former methods provide comprehensive energy and nutrient data from which construct validity can be assessed.
In conclusion, dietary patterns reflecting core and non-core food intake can be described in Australian toddlers and are influenced by maternal age, breastfeeding duration and age of introduction to solids in expected directions. Although we did not find an association between children's dietary patterns and adiposity, it is of concern that dietary patterns characterised by non-nutritious foods were identified at this young age. These findings support the need to intervene early with parents to promote healthy eating in children and establish positive life-long eating behaviours. Further longitudinal studies are warranted to provide evidence of associations of dietary patterns with adiposity beyond 2 years and with a broader range of health outcomes. Results were obtained from standard linear regression models, with BMI z-score for each age as the dependent variable, and all respective dietary pattern scores and covariates as independent predictors. Data are presented as regression model b-coefficients, 95% CIs and P-value of significance. Maternal (age, education level, smoking status, marital status, weight status, parity, SEIFA decile, study) and child (age, gender, age of introduction to solids, breastfeeding duration) covariates adjusted for in all analyses.
b Association between dietary patterns at 14 months and BMI z-scores at 24 months, n ¼ 417.
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